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SUMMARY”

Results of tests to detemine the variation in caliln%ticn factor
and ga~ resistance with teqemture are presented for 15 t~es of single-
element, multist= wire st=in gage.

The m&imum difference %etween the calilmtion factors for gages of
a given type at temperatures between -73° and 93° C and the factor at
room temperature did not exceed k percent for 13 of 15 ty-pesof gage
tested.. The calibration factor decreased or remained constant tith
increasing tempemture for all _buttwo types of gage, which showed an
increase.

Measurements of unit change in ~ge resistance for tempem,tures
between -73° and 93° C on gages attached to unstressed steel and alumiimm-
alloy bars indicated a scatter in gage o tput AR/% for 10 gages of a

-8given type which did not exceed 10 X1O yer degree centigrade. This
“was observed for 12 of the 14 types of gage for which measurements were
~de. Gages having calilxrationfactors near 2.0 connected in ad$acent
arms of a Whetstone l)ridgecould therefore ye expected to show an

“ apparent strain with chamging temperature of not more than 5 X 10-6 per
degree centigrade resulting from lack of perfect tempemture compensation
between test and dumq gages.

INTRODUCTION

The yresent reyort descri%es one of a series of perfornmnce tests
on wire stnain @ges of t~es currently used in large nwibers to measure
stresses in aircmft structures. The yurpose of the tests is to tie
available information on the properties, the accuracy, and the limitations
of various multistrand, single-element gages.

The performance test program has leen ditided into several phases
the results of which a- _beingreported individually. The first five
phases of the program have been reported in references 1 to 5. The
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present paper reports on the sixth
perature on calibration factor and

and final phase,
gage resistance.

This investigation. conducted at the National

NACA TN No. 1456

the effect of tem-

Bureau of Stmdards,
was syonsored by =d con&cted tith the financial assistance of the “
National Advisov Committee for Aeronautics.

The author desires to acknowledge the cooperation of the NACA Ames
Aeronautical Laboratory, the Baldwin Locomotive Works, the Boeing Aircraft
Compsmy, the Chrysler Corporation, the Consolidated Vultee Aircraft
Corporation, the Douglas Aircraft Company, the Lockheed Aircraft Corporation,
North American Aviation Incorporated, and Northrop Aircraft Incorporated,
in sulxnittinggages. The author is indelted to Mr. A. F. Medbery and
Mrs. June O. Montgomeg of the Engineering Mechanics section of the
National Bureau of Standards for assistance
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SYMBOLS

on the test progrem.

Young’s modulus of elasticity, pounds per square inch

calibration factor of wire strain gage, ohm per ohm per inch
per inch

change in load T’

unit change in gage resistance R

temperature, ‘C

chsmge in temperature,

thermal coefficient of

thermal coefficient of

change in strain

Oc

linear expansion/°C

Young’s modulus/°C

DESCRIPTION OF STRAIN GAGES

Six aircraft companies, the .NACAAmes Aeronautical La30ratov, the

.

.
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Baldwin Locomotive Works, ~ the Chrysler Corporation contributed gages
of 15 different types (A, ....G.H-l,1...,0). These gages are identical
with the gage typee described in ta%le 1 and figures 1 and 2 of reference 1,

.-

tith the exception of gage type H-1 which was substituted by the maker for
—

gage type H. Data on gage type H-1 are given in appendix I of reference 2,
=

.
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TESTS

3

Tests were made on two gages of each type to determine the vari-
atlon in calibration factor with temperature for temperatures between
-73° C (-lOO° F) end 93° (2 (200° F).

Measurements of tit chmge In gage resistance AI@ with tem-
perature were made for gages of each type attached to unstressed bars

-6of 24S-T aluminum alloy (a = 21.3 X 10 /°C) and cold-rolled steel

(a= 11.3 X lo-6/oc). Ten gages of a given type were tested on each
of the two materials at temperatures between -73° and 93° C to protide
data on several gages of the same type and to show the influence of
the coefficient of’thermal expansion a ,of the “structure” on gage
output.

APPARATUS

,The cali%ntion factor ~

following equation in which the
and the corresponding chemge In

AND PROCEDURE

of a wire strain gage is given hy the

unit chamge in gage resistmce ‘w~
strain As are experimentally determined:

(1)

A known change in strain was produced.afifollows. A relatively long and
flexible calibration bar was so arranged that the %ar couldhe axially
loaded with dead weights, and the gages were attached to the center section
of the bar which could he sul~ected to variable temperature. A stm.in
change Act was then obtained by loading end unloading the bar with a

constant load P. The ratio of the calibration factor K. at a temper-

ature t to that at room

The change
cross-sectional

in strain
area b.ya

expansion of the material

temperature (30° C) Is then giv&by

Act must be co ected for the increase in
?5factor (1 + czAt) because of the thermal

for a change in temperature At = t - 30,

(2)

and it must %e corrected for the change in Young’s modulus with tefiera-
ture by a factor (1 + ~At). With these corrections equation (2)
becomes

#
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K+ (m/R) +
~=-- (l+u At)2(l+$ At)

30
(3)

Equation (3) was used to compute the change

with temperature for all gages. An avemge value
degree centigrade was assumed for the calibration

alloy. The nmxlmum value of the term (1 + aAt)2
less than 0.5 percent from unity; hence a precise
was not considered necessary. The thezmal coefficient of Young’s modu-
lus of elasticity j3 for the temperature range -50°,to 50° C of an
alloy almost identical in composition with 24S aluminum alloy is given
%y Keulegjanend Houseman (reference 6, p. 305, table 3, Duralumin) as

in Calibmtion factor

of cc= 2.2 X 10-5 per
bar of 245-T aluminum’

in equation (3) differed
determination of a

P = -58.3 X 10-5 per degree centigrade. A rough value of ~ was deter-
mined from measurements of a natural frequency at temperatures between
-73° ~ 93° C of a 2%3-T altinum alloy cantilever %eam. This gave
13= -62.4 x~0-5 per degree centigrade. Keulegam’s value of
P = -58.3 X 10-5 per degree centigrade, which was detemnined with
considerable care, was therefore regarded as ade uate for substitution
in equation (3). ?The mximum value of the term 1 + ~At) In
equation (3) differed less them 6 percent from unity. A more exact deter-
mination of 13 was therefore deemed unnecessary.

The test setup is shown in figure 1. The calihatlonbar upon
which gages were attached was a 4-foot strip A of 24S-T aluminum
alloy having 0.50- by 0.025-inch cross section. A similar strip B
was used for mounting temperature-compensatinggages. Both strips were
mounted inside a tempemture cabinet C so that the central portions
of the strips, where gages were attached, were in the temperature-
controlled region of the cakdnet and the ends of the strips projected
through openings in the top and the lottom of the ca%lnet. The
temperature-compensatingstrip was clamped at the u????erend and was
free at the lower end. The ends of the loaded strip were held in
Templin grips, the upper grip D being fastened to a crane hook and
the lower grip attached to a tray for holding dead weights E. he

xdead-weight load of 170 pounds, cofisponding to A6= 11.3X 10- , could
be applied and removedly lowering and raising a platform F. The weight
of the tray and of the lower g~p was sufficient to hold the calilnatlon
strip in alinement at the ini~ia~ load. It was found that six to eight
gages could be calibrated during one temperature cycle. One gage of each
type was attached to the loaded strip and one to the compensating strip.
Test and compensating gages of the same type were located in similar
positfons on the two strips for optimum temperature compensation. Leads
were brought out of the cabinet for each gage and the test and compen-
sating gages of a given ty_pewere connected to am SR-4 portable strain
indicator G (reference 7). The balance reading on the indicator was

. .
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recorded with and without the dead-weight load on the test strip. The
difference %etween the two labnce readings was multiplied ly the gage
factor setting on the indicator (for convenience set at 2.00 for all
gages) to obtain (AR/R) for the gage.

Tests were started %y setting the ca%inet thermostat at 93° C in the
evening and the cabinet heaters were kept on all night, since it required,
alout 6 hours to reach 93° C from room temperature. This procedure
allowed the gages shout 15 hours additional drying time after ~ing
2 days at room te~erature. The output of each gage due to the change
in load M was then determined at 930 C after the strip had been over-
loaded several times with an additional 10 pounds to reduce zero shift
and improve linearity. Individual loading cycles, requiring a%out
1 tinute, were made for each gage. Similar tests were repeated at

.-

other temperatures down to -73° C. The ratio of the caliluaticn factor
at a temperature t to the calilmation factor at room temperature was
computed for each gage by substituting the measured unit ctiges in gage
resistance (ARfi)t, at the different temperatures, inequatlon (3).

Following this temperature cycle, the tests were repeated with new gages.
Two gages of each type were calilmated.

The measurements of calilmation-factor ratios were followed hy measure-
ments of AR/% with gages attached to unstressed specimens su%jected to
chsmging temperature. The measurements were made on 20 gages of each
type. Ten gages were attached to an 18-by l-by 0.125-inch bar of 24S-T
aluminum alloy, and ten were attached to a similar bar of cold-rolled
steel. These bars were then suspended in the temperature cabinet A
(fig. 2) in which the tempemture was varied from -730 to 93° C . Leads
were brought out from each gage for connection to an SR-4 portable
strain indicator B used to measure zSR@. A resistance decade box C,
set at -thenominal gage resistance, was connected to the SR-4 indicator
in phce of the usual compensating gage. During the tempemture cycle
the decade was not chemged and.the unit chsmge in gage resistance AR/R
was taken as the product of the change in the Indicator dial rea~ng and
the gage factor setting on the indicator, which for convenience was set

at 2.00. This procedure was modified in the case of gage N lecauae of
the extreme sensitivity of this gage to temperature. The SR-4 indicator _
for gages of t~e N was set at midscale and the bridge was balanced by”
changing the decade resistance in O.1-ohm steps. Then AR@ was computed
directly from the change in the original decade reading.

RESULTS ANllDISCUSSION

Values ofK.@ are plotted against temperature in fig~res 3 to 6.
The scatter in gage %!tput AR/R per degree centigrade for 10 gages of a
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given type attached to the steel and aluminum-alloy
table 1.

NACA TN No. 1456 .

bars is given In

Curves of gage output AR/R against temperature are given in
figures 7 to 20.for all gages except those of t~e G, which were not
avai~lle. Three curves, corresponding to the,maximum, minimum, and
average gage output for 10 gages of a given type, are plotted for each
of the two materials upon which the gages were attached.

Inspection of figures 3 to 6 shows that within the scatter of
measurement the calibmtion factor for gages of typee A, C, D, F, H-1,
I, K, and N did not vary more than 2 percent from the room-temperature
value for tempe&atures between -73° and 93° C. It should le noted that
the measured changes in calibration factor include any creep in the
lending cement which may have occurred during the loading cycle. Since
creep is a function of time, it is possille that changes In calibration
factor of a different magnitude may result with loading cycles of dif-
ferent duration.

Gages of types B and E showed a decrease in calilmation factor
with increasing temperature of about 1 percent for each 30° C change
in temperature. The calibmtion factors differed from the room-
temperature values ly no more than 4 percent, however, for the tem-
perature remge considered. Gages B and E were of different manu-
facture %ut both were attached with the same cement (GeneralService).
This fact suggests that the measured variations in calibration factor
may have been caused by a variation in @.astic properties with tempem-
ture of the cement conmon to these two types of gage.

Gages of types J and O showed an increase in calibration factor
with temperature of about 1 percent for each 30° C rise in temperature.
These gages differed only in resistance. They were of identical con-
struction and were %oth attached with the ssme cement (celluloidethyl ~
acetate); hence they may be expected to show similar characteristics.
Since it is unlikely that the efficiency tith which cellulose cements
transfer strain to strain-sensitivewire improves with increasing tem-
perature, it is probable that the increase in calibration factor is-due
to sources other than the cement. There was no olvious cause to which
the phenomenon could le ascribed.

Gages of type M.showed a decrease in calibration factor of about
~ percent for each 40° C rise in temperature. This gage is of the
wrap-around” construction and was attached tith Duco cement. Although

Duco cement retained its strength in the case of gages of types A, C,
D, F, H-1, 1, K, and N which were attached with this cement, it is
believed that the grea~er shear loads on the cement imposed by the
greater wire density ilnthe wrap-around winding increases the creep
rete over that of other gages.

——

.

.
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Gages of type G showed somewhat erratic performance in these tests.
just as inpretious tests (references 1 to 5). Some of the values for
Kt40 (ffg. 4) soattered by as much as *6 pereent. The scatter was

too great to inMcate any consistent vartation of’oallbration factor with
temperature.

The largest change in calibration factor was found
type L. Far these gages the calibration factor was down
cent at 93° ~ as compared with 30° ~, end ft was up more
at -73° G.

for @ges of
more thml 5 ~er-
than 3 percent

Examination of table 1 shows that the soatter in gage output AR@
for 10 &&ges of a given type attached to the lar of cold-rollsd steel

ranged from l.2X 1.0-6per degree centigrade for gagesD to 14.9x 10-6
per degree centigrade for gages K. The corresponding scatter for IO gages

attached to the alumfnUM-allw bar Vd from 1.1X 10-6 per degree
centi~de for gages F to 34.6 x 10 per degree centf~de for gages K.

The curves In figures 7 to 20 show that the c~~ In @ge resist-
szme tith temperature is nonlinear far most @ges.

The difference h ARE tith changing temperature between gages
attached to the steel an& to the abndnum-alloy bars may le ascriberito
the difference in thermal expansion coefficients of the two %ars. This
was ohecked by subtracting from the measured average output given in the
figures, the qusntity Kmzit (At = t + 73°) which corresponds to the
thermal expsnston of the cdtb=tion bar. The resulting two curves are
shown dotted in the f@res. They should, theoretically, coincide since
both correspond to the output of the gage when attached to a material
with a thermal expansion coefficient a = O. Exsmfnatfon of the dotted
curves in figures 7 to 20 shows that they do cofncfde within the soatter
of the experimen&l data.

A further check was obtafned for gages D and 1?(ffga. 10 and X2,
respectively) by dfrect measurement of AR/R wfth gages of these ~es
attached to fused quartz as shown in ftgure 21. ‘Thecoefficient of

expansfon of fused quartz, cc= O.k X 10-6 per degree centigrade,is so
close to zero that the curve of output agahst temperature should approach
that given by the dotted curves for m = O. Inspection of figures 10 and
12 shows that this actually was the case.

The dotted curves may %e utilized for esttmatlng the output when
the gage is attached to any material tith known expansion coefficient mi--
Th4 output Is given %y adding Km At to the ordinate of the totted curve.
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Incidentally, the fact that the dotted curves are
WY le regarded as a check on the previous result that
factor K is nearly independent of temperature.

CONCLUSIONS

NACATN No. 1456

in close agreement
the calibration

Calibrations of gages at temperatures between -73° and 93° C showed
that the calibmtion factors of more than half of the 15 t~es of gage
tested were relatively insensitive to changes in temperature. The
calibration factor for all but two t~es of gage differed from the factor
at room temperature by no more than 4 percent for tempemtures between
-730 and 93° C.

Measurements of unit change in gage resistemce wfth tempemture
for gages attached to unstressed bars showed that the scatter in output

AR/R between gages of the same type did not exceed 10 X 10-6 per degree
centigrade for 12 of the 14 t~es of gage. Gages having calibration
factors near 2.0 connected In adjacent arms of a Wheatstone bridge could
therefore be expected to show an apparent strain with changing temper-

ature which did not exceed about 5 X 10-6 per degree centigrade because
of lack of perfect compensationbetween test and dumqy gages.

National Bureau of Standards
Washington, D. C., September 4, 1946

.
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TABIE 1. SCATTER IN GAGl!lOUTPUT AR@ %!ERDEGKEE CHANGE IN

TEMPERATURE FOR 10 GAGES ATTACHED TO UNSTRESSED STEEL

AND DURKHIMIN SllECIMENS

Cold-rolled steel

Gage
t~e

D

I’

H-1

J

I

E

L

M

A

B

o

N

c

K

1.2 x 10-~

1.4

1.6

1.7

2.0

2.4

2.8

2.8

3*7

4.3

6:5

9.2

11.7

14.9

24s+7 aluminum alloy

Gage

,type

F

A

H-1

M

I

L

J

c

D

E

o

B

N

K

101 x 10-6

1.2

1.6

1.9

2.3

3=3

399

5=3

595

6.0

8.0

9.2

9.8

34.6

1
Average values for change In tempemture from -730 to 93° C.

--

NATIONAL ADVISOXY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Test setup.
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Figure 21.- Gagesattached to fused quartz.


